Introduction {#S0001}
============

Hepatitis C virus (HCV) represents a major health problem in many countries; Egypt is considered one of the highest incidences of HCV as about 14.7% of the population is infected.[@CIT0001] However, more recent epidemiological studies have reported that the HCV disease estimates in Egypt are that about 7.3% of the population has been reported to have HCV viremia. This may be due to the mortality in the older age groups, who have the highest prevalence of infection.[@CIT0002] More recently in 2019, HCV disease burden in Egypt is suggested to be about 4.7% (100 Million Heath president program for Hcv treatment in Egypt).

About 70--80% of those who are infected with the HCV get chronic hepatitis, which may progress to cirrhosis in 20% of patients within 2--3 decades; a quarter of these patients will develop complications, such as hepatocellular carcinoma (HCC), portal hypertension, and liver decompensation, with an average 5-year survival rate of 50%.[@CIT0003]

Hepatocellular carcinoma is the fifth most frequent form of cancer worldwide, and it holds the second cause of malignancy-related mortality.[@CIT0004],[@CIT0005] Incidence and death rates of HCC are steadily rising in most parts of the world (about 2--3% per year).

Liver cirrhosis (LC) is the major risk factor or HCC in patients with HCV where it occurs almost exclusively in those with cirrhosis. There is also suggestive experimental evidence that HCV infection itself can promote the development of HCC, where Mice that have been made transgenic for the HCV core gene have developed adenomas and subsequent carcinoma within the adenomas.[@CIT0006]

In the last few years, a major progress towards the treatment of HCV had occurred with the introduction of all oral therapies. Direct-acting antiviral agents (DAAs) have achieved high eradication rates with an excellent safety profile since revolutionized the management of HCV patients.[@CIT0007]

Interferon era teaches us that after cirrhosis has been established, eradication of HCV infection is not sufficient per se to prevent HCC development. It is not surprising to expect that some of them may develop HCC despite HCV eradication. That may be due to the possibility of treating patients with more advanced liver disease.[@CIT0008] This topic has become hot after the simultaneous publication of two papers from Spain and Italy suggesting a possible increased incidence of HCC after successful DAA treatment.[@CIT0009],[@CIT0010] Since Spain and Italy papers were publicated, more than 100 papers, letters or communications have been published about the problem, yet without conclusive results. Most of the debate attributed to the heterogeneity of the different studied population, the inclusion and exclusion criteria, the time points used to analyze the incidence rates, the length of follow-up, and finally the radiologic methods used for the diagnosis of HCC.[@CIT0008]

The aim of this study is to evaluate the effect of antiviral therapy on the de novo occurrence of HCC in patients with liver cirrhosis who are treated by DAAs.

Materials and Methods {#S0002}
=====================

Study Design and Patients Selection {#S0002-S2001}
-----------------------------------

This prospective cohort study has been conducted from March 2016 till March 2019 in Assiut center for viral hepatitis mangment (one of the national established centers in every Egyptian Governorates) and Alrajhi University Hospital for Liver on 350 HCV-related liver cirrhosis patients who are seeking for HCV treatment by direct-acting antiviral drugs and have eligible criteria for treatment, after obtaining ethical approval from the University Hospital Ethics Committee (with Declaration of Helsinki) and an informed written consent from every included patient.

Patients with HBV co-infection, renal impairment, hepatocellular carcinoma have been excluded from the study.

A complete history taking and meticulous clinical examination have been done for all of the patients.

Baseline Laboratory Investigation {#S0002-S2002}
---------------------------------

Investigations preliminary to antiviral therapy: Complete blood picture, liver and kidney function tests, HBA1c if diabetic, and serum alpha-fetoprotein (AFP). Child-Pugh (CP) and Model for End_Stage Liver Disease (MELD) scores have been calculated.

Quantitative assessment of HCV loads in the serum by real-time Quantitative PCR just before the study.

Abdominal Ultrasonography (US) {#S0002-S2003}
------------------------------

The patients have been evaluated by one expert hand hepatologist operator for assessment of the liver before the beginning of treatment.

### Triple-Phase CT {#S0002-S2003-S3001}

An arterial phase, a portal venous phase, and a late washout phase have been done for patients with elevated AFP levels and patients with hepatic focal lesions on abdominal US.

Treatment Exposure and Outcome {#S0002-S2004}
------------------------------

### Medications {#S0002-S2004-S3001}

The treated patients have been given sofosbuvir 400 mg plus daclatasvir 60 mg plus ribavirin daily for 3 months or sofosbuvir 400 mg plus daclatasvir 60 mg daily for 6 months in patients who are not eligible for ribavirin.

### Monitoring {#S0002-S2004-S3002}

All the patients have regular monthly visits in the first 3 and 6 months where patients come to receive monthly drug and evaluation of any side effects.

Achievement of sustained virological response (SVR) defined as undetectable HCV RNA by real-time Quantitative PCR at 12 weeks after end of treatment.

Follow-up of the liver synthetic function, Child, and MELD scores has been done after 3 months by the end of treatment. Alpha-fetoprotein level also has been assessed 3 months after end of treatment and has been done for patients who are suspected to have hepatic focal lesions on follow-up.

Then, all patients come for follow-up every 4 months for 24 months. Patients' evaluation in every visit includes a full history taking, clinical examination, routine laboratory investigations, and abdominal US examination by the same expert operator.

Triple-phase CT including an arterial phase, a portal venous phase, and a late washout phase has been done for patients with elevated AFP levels and patients with hepatic focal lesions on abdominal US to confirm the diagnosis of HCC.

Statistical Analysis {#S0002-S2005}
--------------------

Our data are coded and verified prior to data entry. Computer program Statistical Package for Social Sciences (ver.21) (IBM Corporation, Armonk, NY, USA) is used for analyzing the collected data. Data are expressed as mean ± SD and numbers as percentage. Student's *t*-test is used to determine the significance of the numeric variable. P-value is considered significant if P\<0.05 and not significant if P\>0.05.

Results {#S0003}
=======

Baseline Characteristics of Patients {#S0003-S2001}
------------------------------------

We have analyzed data from 350 consecutive patients with HCV-related liver cirrhosis who have been treated with direct-acting antivirals between March 2016 till March 2019 and the follow-up time after initiation of direct-acting antiviral treatment has been (12--30 months). Patient age (58.11 ± 7.48) and 55.4% of patients were males. As high as 30.3% had diabetes mellitus (D.M), and 84.3% of patients are naïve. PCR Median and range are 511,897 (52--815,000,000). A total of 283 (80.9%) patients are CP class A, 66 (18.9%) CP class B, and 1 (0.3%) CP class C at the start of the treatment and the median MELD score is 9 (6--18). At the initiation of therapy, mean bilirubin level is 1.18 ± 0.64 mg/dL, mean platelet count is 138.54 ± 63.01/mm^3^, and mean albumin level is 3.51 ± 0.56 mg/dL. Ascites is in 12.3% of patients and hepatic encephalopathy in 2.6% of patients. The baseline characteristics of the study population are shown in [Tables 1](#T0001){ref-type="table"} and [2](#T0002){ref-type="table"}.Table 1Baseline Characteristics of Studied PatientsNo. (n= 350)%**Age (years)** \<6019856.6 ≥6015243.4Mean ± SD (Range)58.11 ± 7.48 (32--76)**Sex** Males19455.4 Females15644.6**DM** Yes10630.3 No24469.7**HTN** Yes7722.0 No27378.0**Treatment experience** Naïve29584.3 Experience5515.7**Regimen experience** S+R3360.0 S+S1221.8 Interferon23.6 S+R+ Interferon814.5**Current regimen** s+d±r350100.0**Duration of current treatment (months)**3.45 ± 1.07 (3--6)**PCR** Median (range)511,897 (52--815,000,000)[^1] Table 2Clinical and Biochemical Characteristics of SVR Patients Before and After TreatmentBefore Treatment (n= 329)After Treatment (n= 329)P-valueMean ± SDMean ± SD**HE**82.4%20.60.056**Ascites**4112.5%216.4%0.008\***BIL**0.000\* Mean ± SD1.18 ± 0.640.94 ± 0.68 Median (range)1.0 (0.2--3.4)0.8 (0.1--6.0)**ALB**0.000\* Mean ± SD3.50 ± 0.564.00 ± 0.63 Median (range)3.5 (2.0--5.2)4.0 (2.2--5.5)**INR**0.424 Mean ± SD1.19 ± 0.221.18 ± 0.21 Median (range)1.1 (1.0--2.1)1.1 (1.0--2.6)**S. creatinine**0.001\* Mean ± SD0.91 ± 0.220.97 ± 0.34 Median (Range)0.9 (0.1--1.6)0.9 (0.1--3.6)**Child score**0.000\* Mean ± SD5.92 ± 1.015.47 ± 0.92 Median (range)6.0 (5.0--9.0)5.0 (5.0--11.0)**MELD score**0.335 Mean ± SD9.28 ± 2.689.21 ± 2.88 Median (range)9.0 (6.0--18.0)9.0 (6.0--20.0)**AFP**0.000\* Mean ± SD15.16 ± 20.6828.75 ± 331.25 Median (range)9.4 (0.1--167.0)5.0 (0.1--5987.0)**WBCs**0.590 Mean ± SD5.41 ± 2.175.36 ± 2.25 Median (range)5.0 (1.1--17.0)4.9 (1.2--19.0)**HB**0.000\* Mean ± SD13.09 ± 1.6612.38 ± 1.73 Median (range)13.0 (10.0--19.5)12.0 (8.3--23.0)**PLT**0.002\* Mean ± SD137.86 ± 63.31149.43 ± 72.79 Median (range)127.0 (37.0--463.0)139.0 (28.0--475.0)**ALT**0.000\* Mean ± SD59.05 ± 37.3425.74 ± 19.69 Median (range)50.0 (7.0--233.0)23.0 (2.0--330.0)**AST**0.000\* Mean ± SD63.16 ± 37.9929.71 ± 13.64 Median (range)57.0 (6.8--292.0)27.0 (5.0--157.0)[^2][^3]

Treatment Outcome {#S0003-S2002}
-----------------

Three hundred and twenty-nine out of 350 patients (94%) have achieved SVR, while 21 (6%) of patients have not acheived SVR ([Tables 2](#T0003){ref-type="table"} and [3](#T0002){ref-type="table"}). No severe adverse effects can be detected apart from headache and fatigue in patients who responded to paracetamol treatment. Rather, few patients who have received Ribavirin have developed moderate anemia, which has later improved after lowering the dose of ribavirin.Table 3Clinical Data of SVR and Non-SVR Patients Before and After TreatmentSVR (n= 329)Non-SVR (n= 21)P-valueMean ± SDMean ± SD**Age** (years)0.558 Mean ± SD58.20 ± 7.3656.67 ± 9.20 Median (range)58.0 (32.0--76.0)57.0 (32.0--72.0)**Sex**0.048\* Males17854.1%1676.2% Females15145.9%523.8%**DM**10130.7%523.8%0.505**HTN**7623.1%14.8%0.056**Treatment experience**0.756 Naïve27884.5%1781.0% Experience5115.5%419.0%**Duration of current treatment:** (months)0.940 Mean ± SD3.45 ± 1.073.43 ± 1.08 Median (range)3.0 (3.0--6.0)3.0 (3.0--6.0)**HE before**82.4%14.8%0.431**HE after**20.614.8%0.170**Ascites before**4112.5%29.5%1.000**Ascites after**216.4%14.8%1.000[^4][^5]

Evolution of Liver Function {#S0003-S2003}
---------------------------

Significant improvement in liver enzymes (P value 0.000\*), Bilirubin and Albumin levels (P value 0.000\*), and Platelet count are noticed (P value 0.000\*). Also, significant improvement in Child Score has occurred, where Child A patient is 88.6% and Child B is 10.9% ([Table 2](#T0002){ref-type="table"}). One patient only has changed from Child B to Child C without valuable improvement in MELD Score.

Alfa-fetoprotein has increased after treatment in non-SVR patients compared to patients with SVR with (P value 0.014\*), but this result may be due to wide median range with high value in one patient who has developed HCC later after treatment with median (5.0 (0.1--5987.0)), while the median before treatment is 8.1 (0.1--49.0).

There is no significant difference in both CP (P value =0.061) and MELD (P value=0.688) scores between both groups of patients with SVR and those with non-SVR.

Hepatocellular Carcinoma {#S0003-S2004}
------------------------

Twenty-two (6.7%) patients with SVR have developed HCC and 5 (23.8%) patients with non-SVR have developed HCC, with significant difference between them. All HCC in patients with non-SVR has occurred in the first 10 months after end of treatment, while about 55% of HCC has occurred in patients with SVR in the first 12 months and about 45% of HCC has occurred in the 2nd year of follow-up. Nodule sizes were (1--4 cm) and 2 patients have developed multiple hepatic nodules. The Mean ± SE for the development of HCC is 22.89 ± 0.24 and with (22.42--23.36) 95% CI ([Table 4](#T0004){ref-type="table"}, [Figure 1](#F0001){ref-type="fig"}). Characteristics of HCC patients were listed in table 5. Patients who are discovered to have HCC are referred to Hepatoma Board in Alrajhi Liver Hospital, Assiut University for further assessment and suitable line for management.Table 4De-Novo Occurrence of HCC After Treatment in SVR and Non-SVR PatientsSVR (n= 329)Non-SVR (n= 21)P-valueMean ± SDMean ± SD**PCR**0.768 Median550,000483,000 Range52--815,000,00013,000--474,000,000**HCC after treatment**0.016\* Yes22 (6.7%)5 (23.8%) No307 (93.3%)16 (76.2%)[^6] Table 5Characteristics of HCC Patients with SVR and Non-SVRCase No.Duration of HCC After TTT1st Year2nd YearSVRNon-SVRAFP Before TTTAFP After TTTAgeDM124 m++1488665210m++1.21.27237m++2.3551+40 m at SVR12++9.67.86058m++23.548624m++14.71160710m++55.661+86m++18335792m++0.36.8691010m++459.954+1124m++129.850120 m at SVR 12++84.358+135m++146053+145m++151565152m+++71.738062160 m (non-SVR 12)++125.444174m++6.76.760+1814m+10.75591914m++7.1454682014m++6.1563211m++1110672215m++270.572232m++7.83.673245m++0.1167+2516m++1619.5652620m++5598757+2718m++9.71256No.2717102258[^7] Figure 1Kaplan--Meier curve for HCC occurrence after treatment.

Discussion {#S0004}
==========

The therapy of hepatitis C has dramatically changed since 2013. Direct-acting antivirals against HCV infection are new oral drugs, with potent antiviral activity, highly efficacious, relatively safe, and well tolerated, that can be used in for all patients with chronic HCV infection, including those with more advanced and complicated liver disease,[@CIT0011] which has been a major concern for hepatologists in the last few decades.[@CIT0012] Genotype 4 infections are seen in Africa and the Middle East, with a higher rate in Egypt, in particular.[@CIT0013] The response rate to DAAs in genotype 4 infections appears to be high in some real-world studies, regardless of cirrhosis status.[@CIT0014]

Resolution of HCV infection in these patients leads to great expectations of possibility for preventing the most serious complications of liver cirrhosis, including the development of HCC.

Controversial data have emerged on HCC occurrence/recurrence after HCV eradication with DAAs. Most reports come from single-center, retrospective, observational studies, with differences in patients' characteristics and duration of follow-up,[@CIT0002] while multiple large cohort studies have since demonstrated that DAA-induced SVR is associated with reduced risk of HCC occurrence.[@CIT0015]--[@CIT0017] In other studies, an unexpected increased HCC recurrence and occurrence rate among HCV patients treated with DAAs combination has been reported, raising some concerns about a possible indirect role of the new antiviral drugs.[@CIT0010],[@CIT0018]-[@CIT0020]

Because of this debate, we tried in this current study to evaluate the impact of DAAs on patients with liver cirrhosis in our locality regarding the outcome and development of HCC.

In our study, SVR is in 94% of the included patient which in agreement with many studies, Calvaruso and his colleagues have reported that SVR is 95.2% in their liver cirrhosis patients,[@CIT0021] Also the ALLY-1 trial looks at the effects of Daclatasvir/Sofosbuvir with ribavirin on patients with advanced cirrhosis, including decompensated cirrhosis across 5 of the 6 major HCV genotypes, only genotype 5 is not represented. They have noted a high treatment response with Child-Pugh A or B cirrhosis (93%); SVR is 100% in genotype 4 patients.[@CIT0022]

In our study, DM is in 30.3% of the studied patients; multiple studies throughout the world have shown an epidemiological association between HCV and type 2 diabetes mellitus (T2DM). The data from the National Health and Nutrition Examination Survey of nearly showed that10,000 patients from 1988 to 1994 had found that adults aged 40 years or older with HCV infection are nearly four times more likely to have concurrent diabetes than those without HCV infection.[@CIT0023] In a follow‐up case--control study of \>1000 patients, Mehta and colleagues also have demonstrated that in patients with risk factors for metabolic syndrome, the presence of chronic HCV infection has increased the risk for development of T2DM by 11‐fold over a 9‐year follow‐up.[@CIT0024] In Italy, a study of 564 noncirrhotic HCV‐infected patients and control‐matched with noncirrhotic hepatitis B virus-infected patients has demonstrated an increased prevalence rate of T2DM of 12% versus 4.9% in controls (*P* = 0.008).[@CIT0025]

In terms of the hepatic function, our study shows a significant improvement in the CP, without improvement in MELD scores, while Berge and his colleagues in their study have not shown a significant improvement in the CP and MELD scores, which may be because pre-treatment scores are already low.[@CIT0014] We have found that there is a statistically significant improvement in platelet counts and in albumin levels liked  Berge study results .[@CIT0026]

Patients who have achieved SVR have shown a significant reduction in the frequency of hepatic encephalopathy episodes, improvement in the management of ascites.

De-novo HCC has occurred in 22 out of 329 (6.7%) patients with SVR and in 5 out of 21 (23.8%) patients with non-SVR. All HCC in Patients with non-SVR has occurred in the first 10 months after end of treatment, while about 55% of HCC has occurred in patients with SVR in the first 12 months with 3.6% of the studied patients and about 45% of HCC has occurred in the 2nd year of follow-up. This result agrees with Conti and his colleagues who retrospectively have analyzed the occurrence of HCC in compensated patients who have achieved a SVR after IFN-free treatment with cirrhosis with no history of liver cancer and they have found that HCC occurrence rate is 3.1% within the first 6 months after treatment.[@CIT0019] Romano and his colleges in 2018 have studied a large sample of patients treated at several centers in Italy with a median follow-up of 17.4 months, ihe HCC occurrence rate during this period in the sub cohort of cirrhotic patients was the same as (or even lower than) expected without antiviral therapy. They have concluded that the incidence of HCC had significantly dropped after the first year and the reason for this is unclear, but it might relate to a greater reduction in intrahepatic inflammation in the longer term after stopping the antiviral therapy.[@CIT0027]

In an analysis of data from a large prospective study of patients with hepatitis C virus--associated compensated or decompensated cirrhosis, Calvaruso et al have found that the SVR to DAA treatment has decreased the incidence of HCC over a mean follow-up of 14 months.[@CIT0021]

This study results indicated that the occurrence of HCC is significantly higher in patients with non-SVR and the good response to treatment is protective and decreases HCC occurrence in the 2nd year of follow-up may be due to a greater reduction in intrahepatic inflammation in the longer term after stopping the antiviral therapy as Romano and his colleague have said.[@CIT0027]

Conclusion {#S0005}
==========

Treatment of HCV-related LC patients with sofosbuvir and daclatasvir with or without ribavirin for 3 or 6 months shows high SVR and significant improvement in CP score, but still at risk of HCC even if treated and should be followed up regularly according to screening programs with special meticulous attention to those with non-SVR.
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[^1]: **Abbreviations:** DM, diabetes mellitus; HTN, hypertension; S+R, sofosbuvir+ribavirin; S+S, sofosbuvir+Semiprevir; s+d±r, sofosbuvir+daclatasvir±ribavirin.

[^2]: **Note:** \*Significant.

[^3]: **Abbreviations:** SVR, sustained virological response; HE, hepatic encephalopathy; BIL, bilirubin; ALB, albumin; INR, international normalized ratio; AFP, alpha-fetoprotein; WBCs, white blood cells; HB, hemoglobin; PLT, platelets; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

[^4]: **Note:** \*Significant.

[^5]: **Abbreviations:** SVR, sustained virological response; DM, diabetes mellitus; HTN, hypertension; HE, hepatic encephalopathy.

[^6]: **Note:** \*Significant.

    **Abbreviations:** SVR, sustained virological response; HCC, hepatocellular carcinoma.

[^7]: **Abbreviations:** No, number; HCC, hepatocellular carcinoma; SVR, sustained virological response; Non-SVR, non-sustained virological response; TTT, treatment; m, month; AFP, alpha-fetoprotein; DM, diabetes mellitus.
